METHOD AND APPARATUS FOR DETERMINING A 
DORSIFLEXION ANGLE 

Background of the Invention 

The present invention relates generally to a dorsiflexion angle of a surgical 
patient's foot, and more specifically to a method and apparatus for determining a 
dorsiflexion angle of a surgical patient's foot during tendon surgery. 

Cerebral palsy is a debilitating disease that affects many people. A 
common orthopedic problem in people with cerebral palsy is an equinus deformity, 
wherein the gastronemius and soleus muscles of the lower leg are permanently 
contracted. An equinus deformity may be surgically corrected if a tip-toe or toe-heel gait 
persists. Heel cord lengthening (HCL) surgery, in which the Achilles tendon is 
lengthened, is often used to correct equinus deformities. During the HCL surgery, a 
patient's foot is forcibly dorsiflexed (i.e., bending of the foot towards the shin) until the 
surgeon, based on his or her experience, subjectively determines the patient's foot is at 
a suitable maximum dorsiflexion angle with respect to the patient's corresponding leg. 
However, if the maximum dorsiflexion angle selected by the surgeon is too small, the 
patient's Achilles tendon will be under-stretched and the surgery may need to be 
repeated thereby increasing risk of complications to the patient. Additionally, if the 
maximum dorsiflexion angle selected by the surgeon is too high, the patient's Achilles 
tendon will be over stretched and the patient may have irreversible impaired function 
caused by an inability to produce adequate plantarflexion (i.e., bending of the foot away 
from the shin) torque during gait. 

Summary of the Invention 

In one aspect, the present invention includes apparatus for determining a 
dorsiflexion angle of a surgical patient's foot relative to the corresponding leg during 
tendon surgery. The apparatus includes a leg member having a first support adapted 
for engaging at least one of a lateral malleolus and a medial malleolus of the patient, 
and a second support opposing the first support adapted for engaging another of the 
lateral malleolus and the medial malleolus of the patient. The apparatus further 
includes a foot member rotatably connected to the leg member for selectively rotating 
the foot member relative to the leg member about an axis defined by the first support 



and the second support of the leg member. The foot member has a metatarsal support 
adapted for engaging a predetermined point on at least one preselected metatarsal 
bone of the patient. 

In another aspect, a method is provided for determining an angle of 
dorsiflexion of a surgical patient's foot during tendon surgery. The method includes 
establishing a first plane corresponding to the patient's leg by locating a lateral 
malleolus of the patient, locating a medial malleolus of the patient, and locating a 
predetermined point on the patient's leg above the lateral malleolus and the medial 
malleolus. The method further includes establishing a second plane corresponding to 
the patient's foot by locating a first metatarsal head of the patient and locating a second 
metatarsal head of the patient, and measuring an angle between the first plane and the 
second plane to determine the dorsiflexion angle of the patient's foot. 

In yet another aspect, the present invention includes apparatus for 
determining a dorsiflexion angle of a surgical patient's foot relative to the corresponding 
leg during tendon surgery. The apparatus includes a leg member having a first support 
adapted for engaging at least one of a lateral malleolus and a medial malleolus of the 
patient, a second support opposing the first support adapted for engaging another of the 
lateral malleolus and the medial malleolus of the patient, and a reference arm extending 
from at least one of the first support and the second support adapted for engaging the 
leg of the patient at a predetermined point above the lateral malleolus and the medial 
malleolus of the patient. The apparatus further includes a foot member rotatably 
connected to the leg member for selectively rotating the foot member relative to the leg 
member about an axis defined by the first support and the second support of the leg 
member. The foot member has a metatarsal support adapted for engaging a 
predetermined point on at least one preselected metatarsal bone of the patient. 

Other features of the present invention will be in part apparent and in part 
pointed out hereinafter. 

Brief Description of the Drawings 

Fig. 1 is a perspective of a surgical patient's lower body having an equinus 
deformity in a right leg thereof; 
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Fig. 2 is a front elevation of a skeletal structure of the surgical patient's 
lower body shown in Fig. 1 ; 

Fig. 3 is a top plan of the skeletal structure of a foot of the surgical patient; 

Fig. 4 is a perspective of apparatus of the present invention for 
determining a dorsiflexion angle of the surgical patient's foot relative to the patient's 
corresponding leg; 

Fig. 5 is a perspective of a leg member of the apparatus illustrated in Fig. 

4; 

Fig. 6 is a perspective of a foot member of the apparatus adapted for 
engaging a patient's right foot; 

Fig. 7 is a perspective of a foot member of the apparatus adapted for 
engaging a patient's left foot; 

Fig. 8 is a perspective of the apparatus illustrating a gage of the present 
invention; and 

Fig. 9 is a perspective of the apparatus engaging a leg and a foot of the 
surgical patient shown in Fig. 1. 

Corresponding reference characters indicate corresponding parts 
throughout the several views of the drawings. 

Detailed Description of the Preferred Embodiment 

Referring now to the drawings, and more specifically to Fig. 1, a surgical 
patient's lower body is designated in its entirety by the reference numeral 20. The lower 
body 20 includes a left leg (generally designated by 22) and a right leg (generally 
designated by 24). The right leg 24 includes a lateral (i.e. outer) side (generally 
designated by 25), a medial (i.e. inner) side (generally designated by 26), a foot 
(generally designated by 27), a lower portion (generally designated by 28), and an 
upper portion (generally designated by 30). The lower portion 28 of the right leg 24 
includes a shin (generally designated by 32) and a calf (generally designated by 34). 
The left leg 22 represents a leg having normal function, while the right leg 24 represents 
a leg having an equinus deformity. More specifically, the gastronemius and soleus 
muscles (not shown) of the calf 34 of the right leg 24 are permanently contracted. 
Tendon surgery (e.g., Heel cord lengthening (HCL) surgery) may be performed on the 
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patient's right leg 24 to correct the equinus deformity by lengthening the Achilles tendon 
(not shown) attached to the gastronemius and soleus muscles. 

As illustrated in Fig. 2, the lower portion 28 of the patient's right leg 24 
includes a fibula 36 and a tibia 38, and the upper portion 30 of the patient's right leg 
includes a femur 40. A knee joint (generally designated by 42) joins the femur 40 to the 
fibula 36 and the tibia 38. The fibula 36 extends between the knee joint 42 and the foot 
27, and includes an upper end (generally designated by 44) adjacent the knee joint and 
a lower end (generally designated by 46) opposite the upper end and adjacent the foot. 
The upper end 44 of the fibula 36 includes a head 47. The tibia 38 extends between the 
knee joint 42 and the foot 27, and includes an upper end (generally designated by 48) 
adjacent the knee joint 42 and a lower end (generally designated by 50) opposite the 
upper end and adjacent the foot. The lower end 50 of the tibia 38 includes a medial 
malleolus 52 (i.e., inner ankle bone protuberance) protruding therefrom and the lower 
end 46 of the fibula 36 includes a lateral malleolus 54 (i.e., outer ankle bone 
protuberance) protruding therefrom opposite the medial malleolus. The upper end 48 of 
the tibia 38 includes a medial condyle 55. The foot 27 includes a plurality of tarsal 
bones (generally designated by 56) extending from the respective lower ends 46, 50 of 
the fibula 36 and the tibia 38. A plurality of metatarsal bones (generally designated by 
58) extend outwardly from the tarsal bones 56 to form the broad, long structure of the 
foot 27. More specifically, as illustrated in Fig. 3 the foot 27 includes five metatarsal 
bones 58, including a first metatarsal bone 60 on a medial side (generally designated by 
62) of the foot and a fifth metatarsal bone 64 on a lateral side (generally designated by 
66) of the foot. Each metatarsal bone 58 extends outward from a base adjacent the 
tarsal bones 56 to a head opposite the base. More specifically, the first metatarsal bone 
60 (corresponding to the knuckle of the great toe) extends outwardly from a base 68 
adjacent the tarsal bones 56 to a head 70 opposite the base 68, and the fifth metatarsal 
bone 64 extends outwardly from a base 72 adjacent the tarsal bones 56 to a head 74 
opposite the base 68. Any of the metatarsal bones 58 may be referred to herein as a 
first and/or a second metatarsal bone. Additionally, any of the heads of the metatarsal 
bones 58 may be referred to herein as a first and/or a second metatarsal head. 

As illustrated in Fig. 4, apparatus of the present invention is designated in 
its entirety by the reference numeral 100. The apparatus 100 includes a leg member 
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(generally designated by 102), a foot member (generally designated by 104) rotatably 
connected to the leg member for rotation relative to the leg member, and a gage 
(generally designated by 106) operatively connected between the leg member and the 
foot member for measuring an angle between the leg member and the foot member. As 
illustrated in Fig. 5, the leg member 102 includes a first support 108 and a second 
support 110 connected to and opposing the first support. In one embodiment, the leg 
member 102 includes a shin support (generally designated by 112) connecting the first 
support to the second support. In one embodiment, the first support 108 is adapted for 
engaging the patient's lateral malleolus 54 (Fig. 2), and the second support 110 is 
adapted for engaging the patient's medial malleolus 52 (Fig. 2). More specifically, in 
this embodiment the second support 110 includes a recess 114 sized and shaped to 
receive a portion of the patient's medial malleolus 52 therein. Similarly, the first support 
108 includes a recess 1 16 sized and shaped to receive a portion of the patient's lateral 
malleolus 54 therein. In alternative embodiment, the first support 108 is adapted to 
engage the patient's medial malleolus 52, and the second support 110 is adapted for 
engaging the patient's lateral malleolus 54. 

In one embodiment, the first and second supports 108, 110 each include a 
cushion (not shown) for engaging the patient's respective malleoli 54, 52 when they are 
received within the respective recesses 116, 114. More specifically, a cushion is 
positioned between each of the first and second supports 108, 110 and the patient's 
respective malleolus 54, 52 when the supports are engaged with the malleoli. In one 
embodiment, the cushions provide an appropriate coefficient of friction between an 
inner surface (not shown) of each of the cushions and skin tissue covering the patient's 
malleoli 52, 54 to securely engage the leg member 102, and more specifically the first 
and supports 108, 110, with the patient's malleoli. The cushions facilitate maintaining 
accurate location of the inner and first supports 110, 108 with respect to the patient's 
malleoli 52, 54 by providing an appropriate coefficient of friction as described above. 
Additionally, the cushions may improve the comfort of the apparatus 100 by cushioning 
the engagement between the first and second supports 108, 110 and the patient's 
respective malleoli 54, 52. Although other materials may be used without departing 
from the scope of the present invention, in one embodiment the cushions are formed 
from cotton batting. Additionally, although other materials may be used to provide the 
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appropriate coefficient of friction (e.g., neoprene and/or a temporary adhesive) without 
departing from the scope of the present invention, in one embodiment the inner surface 
of one or more of the cushions is formed by attaching a layer of Dycem® to the 
cushions. Dycem is a federally registered trademark of Dycem Limited Corporation of 
Bristol, England. In an alternative embodiment, the inner surface of one or more of the 
cushions is defined by the material forming a majority of the cushion (e.g., cotton 
batting), wherein such material provides the predetermined coefficient of friction. In yet 
another alternative embodiment, the cushions are formed completely from the material 
providing the appropriate coefficient of friction (e.g., Dycem®, neoprene, and/or a 
temporary adhesive). Furthermore, in one embodiment an outer surface (not shown) of 
one or more of the cushions (opposite the inner surface) includes an adhesive for 
securely attaching the cushion(s) to the first and second supports 108, 110. 

In one embodiment, the leg member includes a spring 126 for biasing the 
second support 110 toward the first support 108 to facilitate secure attachment of the 
leg member 102 to the patient's leg 24, and more specifically to facilitate secure 
engagement of the first support 108 with the patient's lateral malleolus 54 and to 
facilitate secure engagement of the second support 110 with the patient's medial 
malleolus 52. Although the exemplary spring 126 is described and illustrated herein as 
biasing the first and second supports 108, 110 toward each other, it should be 
understood that any other suitable biasing mechanism(s) may be used in place of the 
spring to bias the outer and second supports toward each other. 

The shin support 112 includes a pair of extensions 128, 130 extending 
from the first support 108 and the second support 110 respectively, and a shin band 
132. Each extension 128, 130 extends outward from a respective lower end 132, 134 
(extending from the corresponding support 108, 110) to a respective upper end 136, 
138. The shin band 132 extends between and connects the extensions 128, 130 
adjacent their upper ends 136, 138. The shin support 112 is sized and shaped for 
receiving a portion of the patient's lower leg 28 (Figs. 1 and 2) to facilitate secure 
attachment the leg member 102 to the patient's leg 24. More specifically, the shin band 
132 is sized and shaped for receiving a portion of the patient's shin 32 (Fig. 1) therein. 
When the patient's shin 32 is received within the shin band 132, the shin band and the 
upper ends 136, 138 of the respective extensions 128, 130 generally surround a portion 
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of the patient's shin 32 for securing the shin support 1 12 to the patient's shin to facilitate 
secure attachment of the leg member 102 to the patient's leg 24. In one embodiment, 
the shin band 132 is adapted to bias the upper ends 136, 138 of the respective 
extensions 128, 130 toward each other to facilitate securing the shin support 1 12 to the 
patient's shin 32. 

In one embodiment, the shin support 112 includes a strap 140 attached to 
the shin support for securing the shin support to the patient's shin 32. Although the shin 
strap 140 may have other configurations without departing from the scope of the 
present invention, in the embodiment illustrated in Fig. 5 the shin strap 140 is attached 
to the shin band 132 and is adapted to surround a portion of the patient's calf 36 (Fig. 1) 
to securely attach the shin support 112 to the patient's shin 32. It should be understood 
that the shin strap 140 may be attached to one or more of the extensions 128, 130 and 
the shin band 132, and may be attached thereto using any suitable attachment (e.g., 
adhesive). Additionally, the strap 140 may be secured around the patient's calf 36 in 
any suitable manner. For example, in the exemplary embodiment the strap 140 
includes opposite ends 142, 144 adapted to connect together to secure the strap 
around the patient's calf 36. The ends 142, 144 may be adapted to connect using any 
suitable attachment (e.g., hook and loop fasteners). In another embodiment (not 
shown), the strap 140 is a continuous loop of elastic material adapted to receive a 
portion of the patient's lower leg 28 therein. 

In one embodiment, the shin band 132 includes a cushion (generally 
designated by 146) for engaging the patient's shin 32 when it is received within the shin 
band. More specifically, the cushion 146 is positioned between the shin band 132 and 
the patient's shin 32 when the shin support 112 is securely attached to the patient's 
shin. In one embodiment, the cushion 146 provides an appropriate coefficient of friction 
between an inner surface 150 of the cushion and skin tissue of the patient's shin 32 to 
securely attach the shin support 112 to the patient's shin. The cushion 146 facilitates 
maintaining accurate location of the shin support 112 with respect to the patient's shin 
32 by providing an appropriate coefficient of friction as described above. Additionally, 
the cushion 146 may improve the comfort of the apparatus 100 by cushioning the 
engagement between the shin support 112, and more specifically the shin band 132, 
and the patient's shin 32. Although other materials may be used without departing from 
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the scope of the present invention, in one embodiment the cushion 146 is formed from 
cotton batting. Additionally, although other materials may be used to provide the 
appropriate coefficient of friction (e.g., neoprene and/or a temporary adhesive) without 
departing from the scope of the present invention, in one embodiment the inner surface 
1 50 of the cushion 146 is formed by attaching a layer of Dycem® to the cushion 146. In 
an alternative embodiment, the inner surface 150 of the cushion 146 is defined by the 
material forming a majority of the cushion (e.g., cotton batting), wherein such material 
provides the appropriate coefficient of friction. In yet another alternative embodiment, 
the cushion 146 is formed completely from the material providing the appropriate 
coefficient of friction (e.g., Dycem®, neoprene, and/or a temporary adhesive). 

In one embodiment, an outer surface (not shown) of the cushion 146 
(opposite the inner surface 150) includes an adhesive for securely attaching the cushion 
146 to the shin band 132. Additionally, in one embodiment the cushion 146 also 
extends between the upper ends 136, 138 of the respective extensions 128, 130 to 
facilitate secure attachment of the shin support 1 12 to the patient's shin 32 by providing 
an appropriate coefficient of friction as described above, and to cushion the 
engagement between the upper ends and the patient's shin 32. 

As illustrated in Fig. 6 and described above, the foot member 104 is 
rotatably connected to the leg member 102 for rotation relative to the leg member. 
More specifically, the foot member 104 is rotatably connected to the leg member 102 for 
selective rotation of the foot member relative to the leg member about an axis 152 
defined by the first and second supports 108, 110 of the leg member. Although other 
rotatable connections may be used without departing from the scope of the present 
invention, in one embodiment the foot member 104 and the leg member 102 are 
connected by a clevis joint (generally designated by 154) having an axis of rotation 
generally coincident with the axis 152 defined by the first and second supports 108, 
110. It should be understood that any suitable rotatable connection (e.g., a 
conventional ball bearing joint, a conventional friction joint) may be used to rotatably 
connect the leg and foot members 102, 104, and accordingly the clevis joint 154 is 
meant as exemplary only. Additionally, although the leg member 102 and the foot 
member 104 are illustrated herein as being rotatably connected adjacent the first 
support 108, it should be understood that the leg member and the foot member may be 

-8- 



rotatably connected adjacent the second support 110. In one embodiment a stop (not 
shown) is connected to one of the leg member 102 and the foot member 104 for limiting 
rotation of the foot member relative to the leg member. 

The foot member 104 includes a rotating arm (generally designated by 
156) extending outward from the joint 154 connecting the leg member 102 and the foot 
member 104. The arm 156 extends from a first end (generally designated by 158) 
extending from the joint 154 to a second end (generally designated by 160) opposite the 
first end. A metatarsal support (generally designated by 162) extends from the second 
end 160 of the arm 156 for engaging a predetermined point on at least one preselected 
metatarsal bone 58 (Figs. 2 and 3) of the patient. The second end 160 of the rotating 
arm 156 is adapted to telescope outwardly away from the first end 158 for selective 
adjustment of a length 164 of the foot member 104, and more specifically the arm 156, 
to accommodate a range of different foot lengths. In one embodiment, the length 164 is 
selectively adjustable between about 2.5 centimeters and about 25 centimeters to 
accommodate foot lengths between about 4 centimeters and about 40 centimeters. In 
the embodiment illustrated in Fig. 6, the metatarsal support 162 includes a first 
metatarsal support (generally designated by 166) having a recess (generally designated 
by 168) for receiving the head 70 (Fig. 3) of the first metatarsal bone 60 (Fig. 3), and a 
fifth metatarsal support (generally designated by 170) having a recess (generally 
designated by 172) for receiving the head 74 (Fig. 3) of the fifth metatarsal bone 64 
(Fig. 3). However, it should be understood that the metatarsal support 162 may receive 
and engage any or all of the metatarsal bones 58 of the patient. Additionally, although 
the metatarsal support 162 is described and illustrated herein as receiving and 
engaging the heads of the metatarsal bones 58, it should be understood that the 
metatarsal support 162 may be adapted to receive and engage any portion of one or 
more of the metatarsal bones. It is also envisioned within the scope of the present 
invention that the metatarsal support 162 may receive and engage other bones of the 
patient's foot 27 (Figs. 1-3) in addition or in alternative to the metatarsal bones 58. 
Furthermore, either of the recesses 168, 172 may be referred to herein as a first and/or 
a second recess. 

The first metatarsal support 166 includes a first arm 174 extending from 
the second end 160 of the rotating arm 156. The first arm 174 includes an inner end 
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(generally designated by 176) removably received within an opening 178 in the second 
end 160 of the rotating arm 156, and an outer end (generally designated by 180) 
opposite the inner end. A second arm 182 extends from an upper end (generally 
designated by 184), extending from the first arm 174, to a lower end (generally 
designated by 186) opposite the upper end. A plurality of first metatarsal support 
members 188 extend from the lower end 186 of the second arm 182 to define the 
recess 168 of the first metatarsal support 166. Additionally, a plurality of female cross- 
members 190, 192 extend from the second arm 182 of the first metatarsal support 166 
generally towards the fifth metatarsal support 170. Each of the female cross-members 
190, 192 includes a generally cylindrical opening 194, 196, respectively. The fifth 
metatarsal support 170 includes a first arm 202 extending between an upper end 
(generally designated by 204) and a lower end (generally designated by 206). A 
plurality of fifth metatarsal support members 208 extend from the lower end 206 of the 
first arm 202 to define the recess 172 of the fifth metatarsal support 170. 

Although the recess 168 of the first metatarsal support 166 is illustrated 
herein as being defined by two support members 188, and the recess 172 of the fifth 
metatarsal support 170 is illustrated herein as being defined by two support members 
208, it should be understood that the recesses 168, 172 may have other configurations 
without departing from the scope of the present invention. Additionally, although the 
recesses 168, 172 are described and illustrated herein in the exemplary manner, it 
should be understood that the recesses may be formed from any suitable structure(s) 
such that the recesses are adapted to receive and support one or more of the 
metatarsal bones 58, and/or one or more of any other bones of the patient's foot 27. 

A male cross-member 210 extends from an outer end (generally 
designated by 212), extending from the first arm 202, to an inner end (generally 
designated by 214) opposite the outer end. The male cross-member 210 is sized and 
shaped to be selectively received within each of the openings 194, 196 of the female 
cross-members 190, 192. Additionally, the male cross-member 210 is adapted to be 
slidably received within the openings 194, 196 of the female cross-members 190, 192 
for selective adjustment of a width 216 of the foot member 104, and more specifically 
the metatarsal support 162, to accommodate a range of different foot widths. In one 
embodiment, the width 216 is selectively adjustable between about 2 centimeters and 
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about 20 centimeters to accommodate foot widths between about 2 centimeters and 
about 20 centimeters. In one embodiment, the metatarsal support 162 includes a 
biasing mechanism 218 (Fig. 9) for biasing the fifth metatarsal support 170 toward the 
first metatarsal support 166 to facilitate secure attachment of the foot member 104 to 
the patient's foot 27, and more specifically to facilitate secure engagement of the first 
metatarsal support with the patient's first metatarsal bone 60 and to facilitate secure 
engagement of the fifth metatarsal support with the patient's fifth metatarsal bone 64. 
Although the biasing mechanisms may have other configurations without departing from 
the scope of the present invention, in the embodiment illustrated in Fig. 9 the biasing 
mechanism 218 is an elastic band received within a notch 220 (Fig. 6) in the upper end 
184 of the second arm 182 of the first metatarsal support 166, and received within a 
notch 222 (Fig. 7) in the upper end 204 of the first arm 202 of the fifth metatarsal 
support 170. Alternatively, the metatarsal support 170 may not include any biasing 
mechanism 218 so the first and fifth metatarsal supports 166, 170 are not biased toward 
each other. 

Although the apparatus 1 00 has hereto been described and illustrated with 
regard to the right leg 24 (Figs. 1 and 2) and the right foot 27 (Figs. 1-3) of a surgical 
patient having an equinus deformity in the right leg 24, the apparatus is also adapted to 
accommodate a patient (not shown) having an equinus deformity in a left leg (not 
shown). More specifically, and as is described in more detail below, the metatarsal 
support 162 is adapted to connect to the rotating arm 156 in the orientation shown in 
Fig. 6, wherein the metatarsal support accommodates the right foot 27, and the 
orientation shown in Fig. 7, wherein the metatarsal support accommodates a left foot 
(not shown) of the left leg having an equinus deformity. 

As illustrated in Fig. 6, the foot member 104, and more specifically the 
metatarsal support 162, is orientated to accommodate the right foot 27 of the patient 
(Fig. 1). More specifically, the first arm 174 of the first metatarsal support 166 is 
received at its inner end 176 within the opening 178 in the second end 160 of the 
rotating arm 156, such that the arm 174 extends outward from the second end of the 
rotating arm towards the second support 110. In one embodiment the second end 160 
of the rotating arm includes a threaded opening 228 extending generally perpendicular 
to, and intersecting, the opening 178 for threadably receiving a set screw (not shown). 
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When the set screw is threadably received within the opening 228, an end (not shown) 
of the set screw engages the inner end 176 of the first arm 174 to securely connect the 
first arm to the rotating arm 156. The female cross-member 190 receives the male 
cross-member 210 such that its inner end 214 is received within the opening 194 of the 
female cross-member and the male cross-member extends outward from the female 
cross-member toward the first support 108 of the leg member 102. As illustrated in Fig. 
6, the female cross-member 190 is obliquely aligned relative to the axis 152 defined by 
the first and second supports 108, 110 of the leg member 102 to generally align the 
recesses 168, 172 of the respective first and fifth metatarsal supports 166, 170 with the 
patient's respective metatarsal bones 60, 64. More specifically, when the metatarsal 
support 162 is orientated as described above and illustrated in Fig. 6, the recesses 168, 
172 of the first and fifth metatarsal supports 166, 170 generally lie along a line 230 
extending oblique to the axis 152. Accordingly, when the first and second supports 108, 
110 of the leg member 102 are respectively engaged with the patient's lateral and 
medial malleoli 54, 52, the recess 168 of the first metatarsal support 166 is generally 
aligned to receive the head 70 of the first metatarsal bone 60, and the recess 172 of the 
fifth metatarsal support 170 is generally aligned to receive the head 74 of the fifth 
metatarsal bone 64. In one embodiment, the female cross-member 190 and the line 
230 are obliquely aligned relative to the axis 152 by an angle of about 10°. However, it 
should be understood that the female cross-member 190 and the line 230 may be 
aligned relative to the axis 152 by any suitable angle to generally align the recesses 
168, 172 with the patient's corresponding metatarsal bones 60, 64. 

As illustrated in Fig. 7, the foot member 104, and more specifically the 
metatarsal support 162, is orientated to accommodate a left foot of a surgical patient 
(not shown) having an equinus deformity in the patient's left leg (not shown). More 
specifically, the first arm 174 of the first metatarsal support 166 is received at its inner 
end 176 within the opening 178 in the second end 160 of the rotating arm 156, such that 
the arm 174 extends outward from the second end of the rotating arm towards the first 
support 108. The female cross-member 192 receives the male cross-member 210 such 
that its inner end 214 is received within the opening 196 of the female cross-member 
and the male cross-member extends outward from the female cross-member toward the 
second support 110 of the leg member 102. As illustrated in Fig. 7, the female cross- 
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member 192 is obliquely aligned relative to the axis 152 defined by the first and second 
supports 108, 110 of the leg member 102 to generally align the recesses 168, 172 of 
the respective first and fifth metatarsal supports 166, 170 with the first and fifth 
metatarsal bones (not shown) of the patient's left foot. More specifically, when the 
metatarsal support 162 is orientated as described above and illustrated in Fig. 7, the 
recesses 168, 172 of the first and fifth metatarsal supports 166, 170 generally lie along 
a line 232 extending oblique to the axis 152. Accordingly, when the first and second 
supports 108, 110 of the leg member 102 are respectively engaged with a lateral 
malleolus (not shown) and a medial malleolus (not shown) of the patient's left leg, the 
recess 168 of the first metatarsal support 166 is generally aligned to receive a head (not 
shown) of the first metatarsal bone of the patient's left leg, and the recess 172 of the 
fifth metatarsal support 170 is generally aligned to receive a head (not shown) of the 
fifth metatarsal bone of the patient's left leg. In one embodiment, the female cross- 
member 192 and the line 232 are obliquely aligned relative to the axis 152 by an angle 
of about 10°. However, it should be understood that the female cross-member 192 and 
the line 232 may be aligned relative to the axis 152 by any suitable angle to generally 
align the recesses 168, 172 with the patient's corresponding metatarsal bones. 

Although the metatarsal support 162 is herein described and illustrated as 
including two female cross-members 190, 192, it should be understood that the 
metatarsal support may include any number of female cross-members each having a 
unique alignment with the axis 152 to accommodate many different sizes and shapes of 
both left and right feet. 

In one embodiment, each of the first and fifth metatarsal supports 166, 
170 includes a cushion (not shown) for engaging the patient's first and fifth metatarsal 
bones 60, 64, respectively, when they are received within the respective recesses 168, 
172 of the first and fifth metatarsal supports. More specifically, a cushion is positioned 
between each first and fifth metatarsal support 166, 170 and the patient's respective first 
and fifth metatarsal bones 60, 64 when the metatarsal bones are received within the 
respective recesses 168, 172 of the first and fifth metatarsal supports. In one 
embodiment, the cushions provide an appropriate coefficient of friction between an 
inner surface (not shown) of each cushion and skin tissue covering the patient's first and 
fifth metatarsal bones 60, 64 to securely engage the foot member 102, and more 
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specifically the first and fifth metatarsal supports 166, 170, with the patient's first and 
fifth metatarsal bones, respectively. The cushions facilitate maintaining accurate 
location of the first and fifth metatarsal supports 166, 170 with respect to the patient's 
first and fifth metatarsal bones 60, 64 by providing an appropriate coefficient of friction 
as described above. Additionally, the cushions may improve the comfort of the 
apparatus 100 by cushioning the engagement between the first and fifth metatarsal 
supports 166, 170 and the patient's first and fifth metatarsal bones 60, 64. Although 
other materials may be used without departing from the scope of the present invention, 
in one embodiment the cushions are formed from cotton batting. Additionally, although 
other materials may be used to provide the appropriate coefficient of friction (e.g., 
neoprene and/or a temporary adhesive) without departing from the scope of the present 
invention, in one embodiment the inner surface of each cushion is formed by attaching a 
layer of Dycem® to the cushion. In an alternative embodiment, the inner surface of 
each cushion is defined by the material forming a majority of the cushion (e.g., cotton 
batting), wherein such material provides the appropriate coefficient of friction. In yet 
another alternative embodiment, the cushions are formed completely from the material 
providing the appropriate coefficient of friction (e.g., Dycem®, neoprene, and/or a 
temporary adhesive). Furthermore, in one embodiment an outer surface (not shown) of 
each cushion (opposite the inner surface) includes an adhesive for securely attaching 
the cushion(s) to the first and fifth metatarsal supports 166, 170. 

As illustrated in Fig. 8, the gage 106 is operatively connected between the 
leg member 102 and the foot member 104 for generally measuring an angle between 
the leg member and the foot member. The gage 106 includes an angle indicator 238, 
and a legend 240. The angle indicator 238 is connected to the foot member 104, and 
more specifically the rotating arm 156, for rotation with the foot member about the axis 
152. The legend 240 is connected to the leg member 102 adjacent the first support 108 
and the angle indicator 238 for generally indicating the angle between the leg member 
102 and the foot member 104, as is described in more detail below. A reference arm 
242 extends from a first end (generally designated by 244), received within an opening 
246 in the legend 240, to a second end (generally designated by 248) adapted to 
engage the right leg 24 (Figs. 1 and 2) of the surgical patient (Fig. 1) at a predetermined 
point above the lateral malleolus 54 (Fig. 2) and the medial malleolus 52 (Fig. 2) of the 
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patient. In an alternative embodiment, the reference arm 242 extends from an opening 
(not shown) in the first support 108 of the leg member 102. 

As illustrated in Fig. 9, the second end 248 of the reference arm 242 is 
adapted to engage a predetermined point above the medial and lateral malleoli 52, 54 
(Fig. 2) on the lateral side 25 of the patient's right leg 24. For example, in one 
embodiment the second end 248 of the reference arm 242 is adapted to engage the 
head 47 (Fig. 2) of the fibula 36 (Fig. 2) of the patient's right leg 24. However, to 
accommodate left legs having an equinus deformity, the second end 248 of the 
reference arm 242 is also adapted to engage a predetermined point on a medial side 
(not shown) of a left leg (not shown) having an equinus deformity. For example, in one 
embodiment the second end 248 of the reference arm 242 is adapted to engage a 
medial condyle (not shown) of a tibia (not shown) of a left leg having an equinus 
deformity. It should be understood that the predetermined point on either a right leg or 
a left leg may include any suitable point above the medial and lateral malleoli of the 
corresponding leg, whether or not such point is explicitly referenced herein. 
Additionally, although the reference arm 242 and the gage 106 are described and 
illustrated herein as being operatively connected between the leg member 102 and the 
foot member 104 adjacent the first support 108, it should be understood that the 
reference arm and the gage may be operatively connected between the leg member 
and the foot member adjacent the second support 110. In such an alternative 
embodiment, the reference arm 242 may extend from the gage 106 or may extend from 
the second support 110, and the reference arm is adapted to engage a predetermined 
point (e.g., a head of a fibula) on a lateral side (not shown) of a left leg having an 
equinus deformity, and is adapted to engage a predetermined point (e.g., the medial 
condyle 55 (Fig. 2) of the tibia 38 (Fig. 2)) on the medial side 26 (Fig. 1) of the right leg 
24. Additionally, in one embodiment the apparatus 100 includes a gage 106 and a 
reference arm 242 operatively connected between the leg member 102 and the foot 
member 104 adjacent the first support 108, and a gage 106 and a reference arm 242 
operatively connected between the leg member and the foot member adjacent the 
second support 110. 

In one embodiment, the reference arm 242 includes a strap 250 attached 
thereto for securely engaging the reference arm to the predetermined point on the leg 
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24 above the medial and lateral malleoli 52, 54. Although the strap 250 may have other 
configurations without departing from the scope of the present invention, in one 
embodiment, as shown in Fig. 9, the strap 250 is adapted to surround a portion of the 
patient's leg 24 to secure the reference arm 242 to the predetermined point. It should 
be understood that the strap 250 may be attached to the reference arm 242 using any 
suitable attachment (e.g., adhesive). Additionally, the strap 250 may be secured around 
the patient's leg in any suitable manner. For example, in the exemplary embodiment 
the strap 250 includes opposite ends (not shown) adapted to connect together to secure 
the strap around the patient's leg. The ends may be adapted to connect using any 
suitable attachment (e.g., hook and loop fasteners). In another embodiment (not 
shown), the strap 250 is a continuous loop of elastic material adapted to receive a 
portion of the patient's leg therein. 

In one embodiment, the reference arm 242 includes a cushion (not shown) 
for engaging the patient's leg 24 (Figs. 1 and 2) when the reference arm is engaged 
therewith. More specifically, the cushion is positioned between the reference arm 242 
and the patient's leg 24 when the reference arm is engaged therewith. In one 
embodiment the cushion provides an appropriate coefficient of friction between an inner 
surface (not shown) of the cushion and skin tissue of the patient's leg 24 to securely 
engage the reference arm 242 to the patient's leg. The cushion facilitates maintaining 
accurate location of the reference arm 242 with respect to the predetermined point on 
the patient's leg 24 above the medial and lateral malleoli 52, 54 by providing an 
appropriate coefficient of friction as described above. Additionally, the cushion may 
improve the comfort of the apparatus 100 by cushioning the engagement between the 
reference arm 242 and the patient's leg 24. Although other materials may be used 
without departing from the scope of the present invention, in one embodiment the 
cushion is formed from cotton batting. Additionally, although other materials may be 
used to provide the appropriate coefficient of friction (e.g., neoprene and/or a temporary 
adhesive) without departing from the scope of the present invention, in one embodiment 
the inner surface of the cushion is formed by attaching a layer of Dycem® to the 
cushion. In an alternative embodiment, the inner surface of the cushion is defined by 
the material forming a majority of the cushion (e.g., cotton batting), wherein such 
material provides the appropriate coefficient of friction. In yet another alternative 
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embodiment, the cushion is formed completely from the material providing the 
appropriate coefficient of friction (e.g., Dycem®, neoprene, and/or a temporary 
adhesive). In one embodiment, an outer surface (not shown) of the cushion (opposite 
the inner surface) includes an adhesive for securely attaching the cushion to the 
reference arm 242. 

As illustrated in Fig. 9, the right leg 24 having an equinus deformity is 
received within the apparatus 100 to locate the patient's medial and lateral malleoli 52, 
54 (Fig. 2), the patient's first and fifth metatarsals 60, 64 (Fig. 3), and the predetermined 
point on the leg above the medial and lateral malleoli. When located, the first and 
second supports 108, 110 engage the patient's respective lateral and medial malleoli 
54, 52, the metatarsal support 162, and more specifically the respective first and fifth 
metatarsal supports 166, 170, engages the patient's first and fifth metatarsals 60, 64, 
and the reference arm 242 engages the predetermined point on the leg 24 above the 
medial and lateral malleoli. 

In one embodiment, at least a portion of the legend 240 rotates relative to 
the corresponding support (e.g., the first support 108) such that a particular angle 
marking (e.g., 0°) on the legend can be positioned at a location corresponding to the 
location of the reference arm 242 on the apparatus 100. In such an embodiment 
wherein at least a portion of the legend 240 rotates relative to the first support 108, once 
the particular angle marking is positioned at the location corresponding to the reference 
arm 242, the particular angle marking can be fixed at such location in any suitable 
manner (e.g., a set screw) and the reference arm 242 may be removed from the 
apparatus 100. In an alternative embodiment, the entirety of the legend 240 is fixed 
relative to the corresponding support (e.g., the first support 108) such that the particular 
angle marking (e.g., 0°) positioned at the location corresponding to the reference arm 
242 cannot be changed by rotating the legend, or a portion thereof, relative to the 
corresponding support. 

By locating and engaging the medial and lateral malleoli 52, 54 and the 
predetermined point on the leg 24 above the medial and lateral malleoli, a first reference 
plane 260 is established corresponding to the leg 24. By locating and engaging the first 
and fifth metatarsals 60, 64 and the medial and lateral malleoli 52, 54, a second 
reference plane 262 is established corresponding to the patient's foot 27. An angle 264 
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measured between the first reference plane 260 and the second reference plane 262 
corresponds to the angle between the leg member 102 and the foot member 104, and 
represents the dorsiflexion angle of the patient's foot 27. As the patient's foot 27 is 
dorsiflexed (i.e. bent upwards toward the shin 32) during surgery, the foot member 104 
and the angle indicator 238 rotate along with the foot toward the leg member 102. The 
dorsiflexion angle 264 can then be determined from the gage 106 using the position of 
the angle indicator 238 relative to the legend 240. Additionally, as the patient's foot 27 
is dorsiflexed the length 164 (Figs. 6 and 7) of the rotating arm 156 (Figs. 6 and 7) will 
automatically adjust to facilitate maintaining the location and engagement of the first 
and second supports 108, 110 relative to the patient's lateral and medial malleoli 54, 52 
and the first and fifth metatarsal supports relative to the patient's first and fifth 
metatarsals 60, 64. 

In one embodiment, the apparatus 100 is used during tendon surgery to 
record a maximum dorsiflexion angle 264 set during surgery, and the recorded 
dorsiflexion angle is used along with post-operative analysis of the results of the surgery 
to determine a desired maximum dorsiflexion angle for correcting an equinus deformity. 
In another embodiment, the apparatus 100 is used during tendon surgery to set a 
desired maximum dorsiflexion angle 264 for the particular surgical patient. 

In one embodiment, the cushions of the first and second supports 108, 
110, the cushion 146 (Fig. 5), the cushions of the first and fifth metatarsal supports 166, 
170, and the cushion of the reference arm 242 facilitate maintaining accurate location of 
the first and second supports 108, 110, the shin support 112, the first and fifth 
metatarsal supports 166, 170, and the reference arm 242 by providing an appropriate 
coefficient of friction as described above. Accordingly, in such an embodiment, the 
cushions facilitate accurate measurement of the dorsiflexion angle 264. 

In an alternative embodiment, the legend 240 is connected to the foot 
member 104 for rotation with the foot member about the axis 152 and the gage 106 
does not include the angle indicator 238. Rather, in such an alternative embodiment 
wherein the legend 240 is connected to the foot member 104 for rotation with the foot 
member, the dorsiflexion angle 264 can be determined from the gage 106 using the 
position of the legend relative to the reference arm 242. Additionally, in another 
alternative embodiment, the apparatus 100 does not include the gage 106 and the 

-18- 



dorsiflexion angle 264 is read using a gage (not shown) separate from the apparatus by 
measuring the angle between a predetermined point on the reference arm 242 (and/or 
the patient's leg 24) and a predetermined point on the foot member 104 (and/or the 
patient's foot 27). 

Although the apparatus 100 is described and illustrated herein as 
adjustable to accommodate varying foot lengths and widths, it should be understood 
that the apparatus in its entirety may also be suitably sized and/or shaped to 
accommodate a particular size and/or shape, or a particular range of sizes and/or 
shapes, of a patient's leg, including all its associated elements such as the foot and 
ankle. Accordingly, differently sized and/or shaped apparatus 100 may be used to 
accommodate different patients, depending on the sizes and/or shapes of the patients* 
legs. For example, an apparatus 100 accommodating a juvenile patient may be 
generally smaller and/or differently shaped than an apparatus accommodating an adult 
patient. Although the apparatus 100 is described herein with respect to tendon surgery, 
and for example with respect to HCL surgery, it should be understood that the 
apparatus is generally applicable to any surgery wherein determining a dorsiflexion 
angle of a patient's foot may be relevant. Accordingly, practice of the present invention 
is not limited to HCL surgery, correction of an equinus deformity, or tendon surgery 
generally. 

The above-described apparatus is cost-effective and reliable for 
determining a dorsiflexion angle of a surgical patient's foot relative to the patient's 
corresponding leg during tendon surgery. More specifically, the apparatus may be used 
to record a maximum dorsiflexion angle set during surgery, and the recorded 
dorsiflexion angle may be used along with post-operative analysis of the results of the 
surgery to determine a desired maximum dorsiflexion angle for correcting an equinus 
deformity. Different desired maximum dorsiflexion angles can be determined using the 
apparatus to account for a variety of factors, including the age and development of the 
patient. Additionally, the apparatus can be used to set a desired maximum dorsiflexion 
angle for a particular surgical patient, such that the patient's Achilles tendon will not be 
under-stretched or overstretched during surgery. Accordingly, apparatus of the present 
invention facilitates accurate determination of a desired maximum dorsiflexion angle 
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that may not result in impairment of function postoperatively or require another surgery, 
and facilitates setting such a desired maximum dorsiflexion angle during surgery. 

Exemplary embodiments of apparatus for determining a dorsiflexion angle 
of a surgical patient's foot relative to the patient's corresponding leg during tendon 
surgery are described above in detail. The apparatus are not limited to the specific 
embodiments described herein, but rather, components of each apparatus may be 
utilized independently and separately from other components described herein. Each 
apparatus component can also be used in combination with other apparatus 
components. 

When introducing elements of the present invention or the preferred 
embodiment(s) thereof, the articles "a", "an", "the" and "said" are intended to mean that 
there are one or more of the elements. The terms "comprising", "including" and 
"having" are intended to be inclusive and mean that there may be additional elements 
other than the listed elements. 

As various changes could be made in the above constructions without 
departing from the scope of the invention, it is intended that all matter contained in the 
above description or shown in the accompanying drawings shall be interpreted as 
illustrative and not in a limiting sense. 
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